Objective: To test the effectiveness and long term safety of cannabinoids in multiple sclerosis (MS), in a follow up to the main Cannabinoids in Multiple Sclerosis (CAMS) study. Methods: In total, 630 patients with stable MS with muscle spasticity from 33 UK centres were randomised to receive oral D 9 -tetrahydrocannabinol (D 9 -THC), cannabis extract, or placebo in the main 15 week CAMS study. The primary outcome was change in the Ashworth spasticity scale. Secondary outcomes were the Rivermead Mobility Index, timed 10 metre walk, UK Neurological Disability Score, postal Barthel Index, General Health Questionnaire-30, and a series of nine category rating scales. Following the main study, patients were invited to continue medication, double blinded, for up to12 months in the follow up study reported here. Results: Intention to treat analysis of data from the 80% of patients followed up for 12 months showed evidence of a small treatment effect on muscle spasticity as measured by change in Ashworth score from baseline to 12 months (D 9 -THC mean reduction 1?82 (n = 154, 95% confidence interval (CI) 0.53 to 3.12), cannabis extract 0.10 (n = 172, 95% CI 20.99 to 1.19), placebo 20.23 (n = 176, 95% CI 21.41 to 0.94); p = 0.04 unadjusted for ambulatory status and centre, p = 0.01 adjusted). There was suggestive evidence for treatment effects of D 9 -THC on some aspects of disability. There were no major safety concerns. Overall, patients felt that these drugs were helpful in treating their disease. Conclusions: These data provide limited evidence for a longer term treatment effect of cannabinoids. A long term placebo controlled study is now needed to establish whether cannabinoids may have a role beyond symptom amelioration in MS.
C
annabis and its component cannabinoids (particularly tetrahydrocannabinol (D 9 -THC), believed to be the major active cannabinoid) have been claimed anecdotally to improve symptoms related to multiple sclerosis (MS), 1 although until recently there has been little scientific evidence of effect. There is also experimental evidence that cannabinoids may have a neuroprotective action. [2] [3] [4] [5] The CAMS study 6 was the first large scale study designed to test the hypothesis that cannabinoids may have a beneficial effect on MS symptoms. The primary outcome measure was the Ashworth assessment of muscle spasticity, and the study also evaluated other MS related symptoms, disability, and safety. The main study covered 15 weeks, with all patients discontinuing treatment during week 14. There was no evidence of treatment effects on change in Ashworth score or other measures of disability from baseline to week 13. However, there was evidence of improvement in walking time for ambulatory patients and in patient perceptions of spasticity, muscle spasms, pain, and sleep. There was evidence of patient unmasking, complicating interpretation of patient assessed outcomes.
Following the main study, patients were given the option of recommencing medication, double blinded, up to week 52. The results from the follow up study are presented here.
METHODS
The study was approved by the South West Multicentre Research Ethics Committee and conducted under licence from the UK Home Office. All participants provided written informed consent.
Study design
Details of the main CAMS study have been reported elsewhere. 6 Patients aged 18-64 years with clinically definite or laboratory supported MS, stable disease for the previous 6 months (in the opinion of the treating physician, rather than as measured by EDSS) and problematic spasticity (Ashworth score of at least 2 in two or more muscle groups), were recruited across 33 UK neurology and rehabilitation centres (see end of paper) between December 2000 and October 2002. Of the group, 97% had progressive disease and 49% were ambulant. During the main study, patients attended eight clinic visits over 15 weeks, with a screening and randomisation visit 2-4 weeks before commencement of treatment with either one of two active treatments or their matching placebo, randomly allocated. During the follow up phase (weeks 16-52), patients were assessed at three further clinic visits. dose of medication being adjusted, depending on side effects, to a maximum of 25 mg D 9 -THC daily, depending on body weight. Treatment was taken orally in two divided doses. Once optimum dosage had been achieved, patients remained on a steady dose for 8 weeks, before gradually reducing medication to zero during week 14. Other antispasticity medication was optimised prior to study entry, and any alterations to concomitant medication were documented.
At the end of week 15, patients were offered the opportunity to resume medication at the previously determined dose, for a maximum of 52 weeks. If patients decided not to continue medication, the reasons for non-continuance were documented. Throughout the study, capsule compliance was checked at clinic visits by counting the number of capsules returned. Urine samples for cannabinoid analysis were collected at each clinic visit during the follow up phase in order to identify cannabis use in the placebo group.
Assessments
In order to reduce the potential for unmasking bias from treatment side effects, two study personnel were used at each centre. A treating physician monitored the dosage, side effects, and patient wellbeing, while an assessor (usually a physiotherapist) measured the Ashworth score, timed 10 metre walk, and Rivermead Mobility Index (RMI). During the follow up phase these data were collected at each of the three monthly visits. Assessors remained blinded to any discussion of dosage or side effects, and when evaluating patients' spasticity, were instructed not to have access to their assessment scores from previous visits. Self completion booklets containing the General Health Questionnaire-30 (GHQ-30), category rating scales (asking patients to assess any change in their symptoms at that point in the study compared with how they were before they started medication, and measuring irritability, depression, tiredness, muscle stiffness, tremor, pain, sleep, muscle spasms, and energy levels), the UK Neurological Disability Scale (UKNDS), and the Barthel Index (BI) were sent to participants just prior to week 27 and week 52. The Expanded Disability Status Scale (EDSS) was used at week 52.
Statistical analysis
The primary outcome was mean change in Ashworth score from baseline (start of main study) to end of follow up period Cannabinoids in multiple sclerosis (CAMS) studyand was compared using an analysis of variance model, 7 with treatments as fixed effects. Centres and ambulatory status were also added to the model.
Times taken to complete a 10 metre walk were analysed using the Kruskal-Wallis test, and non-parametric methods were used to produce confidence intervals for the median. The RMI, UKNDS, postal BI, and GHQ-30 were each analysed using non-parametric analysis of variance to compare the groups. EDSS scores were analysed using Fisher's exact test. Category rating scales were analysed using contingency table analysis. Comparison was made between patients choosing to continue on medication and those who chose to discontinue, by baseline Ashworth scores, RMI, EDSS, age, weight, ambulatory status, type of disease, sex, and use of urinary catheter. No adjustments were made for multiple comparisons.
RESULTS
Ashworth score data were obtained for 502 (80%) of the 630 patients in the intention to treat sample of the main study: 154 patients on D 9 -THC (117 continued medication), 172 on cannabis extract (127 continued), 176 on placebo (111 continued) (fig 1) . Mean (SD) difference in Ashworth scores from baseline to end of study were 1.82 (8.12), 0.10 (7.25), and 20.23 (7.87) in the D 9 -THC, cannabis extract, and placebo groups respectively. There was no evidence from baseline values that patients for whom data were missing at final assessment or those who chose not to continue medication differed from those in whom monitoring and medication continued throughout.
Comparison of the three groups using analysis of variance on the change in total Ashworth score showed evidence of a small treatment effect (p = 0.01 adjusted for ambulatory status and centre, p = 0.04 without adjustment) (fig 2) .
Both centre (p,0.0001) and ambulatory status (p = 0.006) had an effect on change in Ashworth score, as might be expected due to different sizes of centres and the nature of the ambulatory status, but there was no evidence of an interaction between either treatment and centre, or treatment and ambulatory status. This illustrates that the treatment effect is similar in all centres and in the two ambulatory status groups.
Suggestion of treatment effect was found in the RMI (fig 3) , particularly in the D 9 -THC group. This effect was strongest at the week 40 visit. No treatment effects were evident in the BI or UKNDS (all assessed using nonparametric analysis of variance to compare groups). Evidence would suggest that the RMI is the most responsive of the outcome measures used. 8 In patients who chose to discontinue medication, there were no significant treatment effects in any of the outcome measures. Longer term trends were also seen in the walking time data, with a reduction in walking time, followed by an increase, although statistical significance was not reached. The proportions of patients unable to walk at the end of the study, but who could walk at baseline were 6%, 14%, and 13% in the D 9 -THC, cannabis extract, and placebo groups respectively. Rating scales showed highly significant effects on pain, spasms, spasticity, and sleep, as in the main study (table 1) .
Evidence of treatment effects on ratings of shakiness, energy level, and tiredness was found at 27 and 52 weeks, but not on depression or irritability, suggesting wider symptomatic benefit with time, but interpretation is difficult due to unmasking identified in the main study period. There were no major differences between the active treatment groups in these subjective measures, in contrast to the Ashworth and RMI results.
During this study, all hospital admissions were classed as serious adverse events. Most of the 74 serious adverse events reported (24 D 9 -THC, 27 cannabis extract, 23 placebo; table 2) were as expected in this patient population.
Unblinding of treatment was not required for any event. The first phase of the study showed a reduction in relapse rate in the active treatment groups compared with placebo, as measured by the number of relapses requiring hospital admission. This was not sustained in the follow up period. When relapses were identified from all sources (corticosteroid administration, adverse events and serious adverse events), there appeared to be a similar number of relapses in each of the three groups. This also suggests that the reduction in disability seen in the D 9 -THC group cannot be accounted for by a reduction in relapse rate.
There were six deaths during the follow up phase (three from pneumonia, one from carcinoma of the cervix diagnosed after study randomisation, and one each from seizures and ischaemic heart disease). A further patient (D
9
-THC group) died in week 42 from urinary/respiratory infections contracted during week 12 of the main study. Overall, there were no major safety concerns. Minor adverse events were reported by 361 patients (109 on D 9 -THC, 125 on cannabis extract, 127 on placebo; table 3).
Urinalysis for cannabinoids throughout the study demonstrated low levels of illicit cannabis use in the placebo group, with no more than four patients demonstrating urinary cannabinoid presence at any time.
DISCUSSION
Although patients felt that both cannabis extract and D
9
-THC helped their spasticity (according to rating scales), this was confirmed objectively by the Ashworth score only in the D 9 -THC group. An improvement of approximately 2 points on the Ashworth scale from a baseline mean of around 22 occurred in this group, compared with a placebo deterioration of around 0.2. We consider this change to be small, although the clinical significance of this change from the patient perspective requires further investigation. The reasons for the differences between the two active treatment groups comparing subjective and objective measurements cannot be Data are number of patients unless otherwise indicated. CM, chose to continue medication; DM, chose to discontinue medication. À6 patients;`2 patients; 14 patients. ôOther events were as follows (* indicates where patient chose not to continue trial medication at the end of the main study). Cannabis extract group: blocked/ insertion of suprapubic catheter*; haematuria*; relapse/urinary tract infection; symptoms of nervous breakdown (inappropriate serious adverse event report); viral gastroenteritis. D 9 -THC group: carcinoma of cervix (died)*; cellulitis; dizziness + chest pain (non-cardiac); drug induced cholestasis*; groin abscess; lymph node biopsy (carcinoma of bronchus; died 9 months post-trial); pleural effusion; possible transient ischaemic attack; urinary tract infection and bowel problem; urinary tract infection and relapse. Placebo group: cerebrovascular episode; chest pain; disease progression (not relapse); hospitalisation for physiotherapy; ischaemic heart disease (died); overdose of analgesics; pulmonary embolism*; relapse/cellulitis; review/respite. explained by differences in side effects, which were similar for both active groups. Although the study was not designed to detect differences between the two active treatment groups, it is possible that these differences may be mediated at the receptor level, thus further work is needed to differentiate pharmacodynamic from pharmacokinetic effects.
Recent work suggests that spasticity is a very complex phenomenon, with contributions from patient symptoms, physical functioning, and psychological impact. 9 The way in which patients' symptoms impact on physical disability is not well understood, and the considerable symptomatic effects seen over the course of this study may have influenced the results seen in disability scores. Whether any effect on disability could be explained solely by a reduction in spasticity requires further long term studies. The complex interaction between symptoms and disability has affected previous studies, notably the DATATOP study of selegiline in the treatment of Parkinson's disease. 10 Although experimental evidence demonstrates a potential neuroprotective effect of cannabinoids, 5 more work is needed to define neuroprotection before such a role can be tested in humans.
This study was designed primarily as a short term symptomatic study, with a voluntary continuation phase leading to incomplete long term follow up data. Two important sources of bias that require consideration in the interpretation of the long term follow up data are the losses to follow up (around 20%, with some differential loss in the D 9 -THC group), and the discontinuation of medication after the first phase in a proportion of patients (35% D 9 -THC, 33% cannabis extract, 41% placebo). Side effects were similar in both cannabis extract and D 9 -THC groups, and there is nothing to suggest that there were any differences in reasons for loss to follow up between the two active treatment arms.
In order to limit any self selection bias, data were analysed by treatment group irrespective of whether patients continued treatment. The absence of difference in characteristics between the group continuing medication and those originally randomised to receive treatment also suggests that patients continuing medication did not have a substantially different disease course. The numbers deciding to stop trial medication were similar in each of the three study arms, but the reasons given were different. Of the patients in the placebo group who decided not to continue treatment, 74% felt that the medication produced no benefit, compared with 45% in the cannabis extract and 42% in the D 9 -THC groups. Adverse effects were more commonly cited in the active treatment arms. We evaluated degree of masking in the main study, which demonstrated that, although patients and treating physicians correctly guessed treatment allocation in the active treatment arms more often than in the placebo group, the assessors remained blinded to treatment allocation. We did not evaluate further potential unmasking over the 12 month follow up period as we felt it unlikely to alter after the first 15 week period. As in the main study, all results need to be interpreted with a degree of caution owing to potential bias from unblinding. However, the Ashworth score and RMI were both performed by assessors who were likely to have remained blinded over the course of the study.
There is now an urgent need to construct a long term study in progressive MS to establish whether D
-THC has a role in long term disease management or may be restricted to symptomatic amelioration in this disabling condition. 
